Summary -Responses to immunization with aggregated human serum albumin (HSA) and to repeated experimental infections with H contortus were studied in 51 female lambs of the Romanov breed, born from 8 sires and 36 dams. The 8 sires were of haemoglobin genotype Hb AB; the 51 lambs were distributed into 3 groups of 17 each, corresponding to the 3 genotypes HbAA, HbAB and HbBB. In addition the experimental lambs were typed for antigens of the major histocompatibility system (OL./1). The 
INTRODUCTION
Since the publications of Warwick et al (1949) , Whitlock (1955 Whitlock ( , 1958 and Whitlock and Madsen (1958) , the existence of a genetic variability in the resistance to Haemonchus contortus has been shown in several studies: the heritability estimates range around 0. 25-0.30 (Le Jambre, 1978; Albers et al, 1984 Piper, 1987) .
As there are almost no genetic correlations between the resistance and various production traits (Alberts et al, 1984 (Alberts et al, , 1987 Piper, 1987) (Holmes, 1986) . However, it does not seem to be possible to use the response to an experimental infection as a largescale selection criterion because of the difficulties of such an experimentation. It would therefore be interesting to identify resistance predictors, either immunological traits or genetic markers (Courtney, 1986; Alberts and Gray, 1987; Cabaret and Gruner, 1988) .
Several studies suggest that haemoglobin A allele provides a higher resistance to H contortus than the haemoglobin B allele (Evans et al, 1963; Jilek and Bradley, 1969; Radhakrishnan et al, 1972; Allonby and TJrquhart, 1976; Dargie, 1976, 1978a, b; Preston and Allonby, 1979; Dally et al, 1980; Luffau et al, 1981a, b; Courtney et al, 1985) . According to Cuperlovic et al (1978) , this enhanced resistance might be related to a higher humoral immune response.
From a genetic point of view, the main objective of the present experiments was to confirm or invalidate this hypothesis. Because the typing of animals in the major histocompatibility system ( OLA) was performed retrospectively, a search for relationships between resistance to H contortus and the OLA marker was also included in this study.
From a parasitological point of view, the experimental goals were to supply additional information on the following phenomena: repeatability of faecal egg counts between successive infections, relationship between egg counts and self-cure, relationship between egg counts and degree of anaemia, acquisition of immunity to the parasite by previous contact with the parasite and effect of anthelmintic treatment on this acquired immunity.
The experiment was designed so as to give responses to questions in the fields of genetics and parasitology.
MATERIALS AND METHODS

Animals
Several studies have shown that females develop stronger immunity against H contortus than males (Colglazier et al, 1968; Yazwinski et al, 1980; Luffau et al, 1981a; Courtney et al, 1985; Watson, 1986) (Nguyen and Bunch, 1980) . Class I antigens of the major histocompatibility system were tested by the microcytotoxicity method on blood lymphocytes; the test was carried out over a period of 2h 30 min (Cullen et al, 1985) . Lymphocytes of each animal were tested with 120 antisera against 22 provisional specificities, &dquo;OLA-P&dquo;. Nine haplotypes, each carrying 1 or 2 specificities, were identified in the tested animals.
Immunization experiments with aggregated human serum albumin
The 51 experimental lambs were immunized at the age of about 6 months with heat aggregated human serum albumin (HSA: 200 mg/animal) by intravenous injection.
Their serum was collected before and 14 d after the administration of the antigen, titred by passive haemagglutination using red blood cells tanned and sensitized with HSA (Weir, 1978) . The technique used to determine the serum agglutination titre has been described previously (Nguyen, 1984) .
Experimental infections with H contortus
According to various studies, sheep develop immunity against H contortus from the age of about 7 months (Jarrett et al, 1961; Manton et al, 1962; Urquhart et al, 1966a, b; Knight and Rodgers, 1974; Wilson and Samson, 1974; Benitez-Usher et al, 1977; Duncan et al, 1978; Riffkin and Dobson, 1979; Smith and Angus, 1980 (Luffau et al, 1981a, b Thus, in each of the 3 groups of experiment 1, a peak faecal egg count was observed after the primary infection (fig 1) . This peak was located from D24-D37 in group 1, from D56-D57 in group 2 and from D88-D107 in group 3: the PRIMPEAK variable reflects this peak.
In 
DISCUSSION
Phenotypic relationships between the various parasitological variables A highly significant (P < 0.001) positive residual correlation was observed in experiment 1 between the variables reflecting the primary and secondary peak faecal egg counts. In contrast, these 2 variables were negatively correlated with the variable reflecting the self-cure, the correlation being only highly significant (P < 0.001) between the self-cure and the secondary peak: in other words, the animals with the lowest faecal egg counts were also those that best expelled their parasites.
Positive (generally significant) residual correlations were observed in the successive experiments 2, 3, 4 and 5 ( (Whitlock, 1955 (Whitlock, , 1958 Evan et al, 1963; Pradhan and Johnstone, 1972; Altaif and Dargie, 1978a, b; Roberts and Swan, 1982; Albers et al, 1984) .
Effect of primary dose of infective larvae of faecal egg counts and anaemia
The factor GROUPl (group in experiment 1) had a significant effect on all parasitological and haematological variables measured during the primary peak of experiment 1 (table VII) : as expected, the larger the larval intake, the higher the faecal egg counts and the degree of anaemia (figures 1 and 3).
Effect of vaccination on immunity to the parasite Considering the kinetics of faecal egg output in group 1 of experiment 1 (figure 1): the peak faecal egg counts after the 1st infection (with 5000 larvae) was higher than the peak after the 2nd infection (with 10 000 larvae) which was higher than the peak after the 3rd infection (with 20 000 larvae). Likewise, in group 2 of experiment 1 (figure 1), the primary peak exceeded the secondary peak although the 2nd dose of infective larvae was 2-fold higher than the 1st one (20 000 larvae instead of 10 000).
With the same dose of infective larvae (10 000 larvae on D32 or 20 000 larvae on D64), animals which had previously experienced infection with H contortus reacted by eliminating fewer eggs than those infected with the parasite for the first time.
These observations (based on figure 1 and confirmed statistically by analyses of variances not shown here) illustrate the phenomenon of immunity to the parasite (ie protection) acquired by &dquo;vaccination&dquo;, ie by previous infection with the parasite (Clunies Ross, 1932; Luffau, 1975; Luffau et al, 1981a, b) .
Effect of anthelmintic treatment on immunity to the parasite
In experiments 2 and 3, the group drenched before infection eliminated significantly more eggs than the non-drenched group (figure 2 and first line of table X); the anthelmintic treatment substantially reduced the immunity acquired previously by contact with the parasite. The phenomenon was more marked in experiment 3 which was a replication of experiment 2. In experiment 5, the same trend was observed (figure 2), but the difference between the 2 groups was not significant ( (Blum and Cioli, 1978; Deelder et al, 1978; Perrudet-Badoux et al, 1978; Wakelin, 1978 (Evans et al, 1963; Jilek and Bradley, 1969; Radhakrishnan et al, 1972; Allonby and Urquhart, 1976; Dargie, 1976, 1978a, b; Preston and Allonby, 1979; Dally et al, 1980; Luffau et al, 1981a, b; Courtney et al, 1985) , but they are in keeping with the results of Le Jambre (1978) , R,iffkin and Dobson (1979) , Courtney et al (1984) , Riffkin and Yong (1984) Evans and Whitlock (1964) , Radhakrishnan et al (1972) , Dargie (1976, 1978a, b) and Albers and Burgess reported by Piper (1987) . The post-infection differences observed between animals of various haemoglobin genotypes might simply be due to differences existing in non-infected animals (Agar et al, 1972 ). These differences might arise from oxygen affinity differences between haemoglobins A and B. Haemoglobin A has a higher oxygen affinity: at equal pressure, it releases less oxygen, which might cause the creation of compensatory mechanisms in haemoglobin A carriers (Agar et ad, 1972 (1984, 1985, 1986, 1987 and 1988) who found an association between the OLA system and the response to a vaccination against Trichostrongylus colubrifo!rmas. A relationship between the major histocompatibility complex and resistance to nematode parasites has also been demonstrated in the case of the guinea pig-Trichostrongylus colnbriformis system (Geczy and Rothwell, 1981) and the mouse-Trichostrongylus spiralis system (Wassom et al, 1979 
